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lodinated proteins have been found throughout the invertebrate world (Roche,

1952; Gorbman ct al., 1954), primarily in the form of mono- and diiodotyrosine,

although in a number of insects (Limpel and Casida, 1957) and in Miisculium, a

fresh-water fingernail clam (Gorbman ct al., 1954), a high percentage of the

protein-bound iodine has been shown to be in the form of thyroxine. None of

these compounds has been demonstrated unequivocally to take part in physiological

processes in the invertebrate animal (Goldsmith, 1949; Gorbman ct a!., 1954), but

recent reports indicate the question is not settled. Wingo and Cameron (1952)
found that thyroxine hampered the multiplication of a ciliate protozoan, Tetra-

hyincna gcleii, but increased the rate of oxygen uptake above that of parallel control

cultures. Thyroxine added to the diet of rice moth (Corcyra cephalonica) larvae

is reported to have increased the oxygen consumption requirement, although

thyroglobulin was without effect (Srinivasan ct al., 1955).
The presence of iodinated proteins in planarians has not been investigated, but

several workers have reported a positive action of thyroid compounds on physio-

logical activities in this group. Castle (1928) observed that Phagocata (Planaria)
vclata was attracted to and fed readily upon macerated sheep thyroid, and sub-

sequently decreased in size even more rapidly than worms subjected to starvation.

Goldsmith (1937), studying the effect of endocrine feeding on regeneration and

growth in Ditgcsia tigrina (Planaria inaculata), noted no significant differences in

the head regeneration time in the gland-fed animals, but found that thyroid-fed
individuals increased in size to a lesser extent than the liver- and pituitary-fed
forms. The influence of thyroxine on eye formation in Phagocata gracilis was

investigated (Weimer ct al., 1938) in pieces of planarians cut at different levels and

allowed to regenerate in a saturated thyroxine solution.. Once the reconstitution

process had begun, the rate of eye formation was reported to be much higher for

the pieces in thyroxine.
No reports are available of the effect of thyroid hormones on oxygen con-

sumption in planarians. Phenylthiourea, an anti-thyroid agent, has been shown,
however, to exert a depressing effect on planarian respiration (Jenkins, 1961). In

view of these findings an investigation was undertaken to ascertain the effect of

certain thyroid compounds on respiration rates in Dugcsia dorotoccphala, a common
fresh-water planarian.

1 Supported in part by grants from the National Science Foundation (G-3209), the South-
ern Fellowship Fund, and the University of Oklahoma Alumni Development Fund. This

study represents part of a dissertation submitted in partial fulfillment of the requirements for

the Ph.D. degree at the University of Oklahoma, under the direction of Dr. Harriet Harvey.
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DESIGN OF EXPERIMENT

The planarians used in this study were large, sexually mature animals, collected

from Buckhorn Springs
- in Murray County, Oklahoma. They were maintained

in pans of lake water, provided with an aerator, at a constant temperature of 20 C.

Experimental animals were taken on the seventh day after feeding and were not

fed during the course of the experiment.

Compounds used for this investigation were thyroxine (T 4 ), 3,5,3'-triiodo-

thyronine (T 3 ),
3 and 3,5-diiodotyrosine (DIT). In order to determine the con-

centration to be used, groups of cut posterior ends of planarians were allowed to

regenerate in a graded series of molar solutions of each of the compounds in lake

water, and the regenerated animals examined for signs of any abnormalities. In

worms in both the thyronines, eye spots were visible under a dissecting microscope

by the third day, compared to the fifth day for the animals in water and in diiodo-

tyrosine. It was noted, however, that the worms in the 3 X 10~ 5 Mdilution of tri-

iodothyronine appeared to have a slight thickening across the head behind the eyes.

This was not apparent in the 2 X 10~ 5 M solution; the latter was therefore chosen

as the higher concentration for the experiment.
All three chemicals were made up at this concentration so their effects could be

compared. In addition, a solution of half the molarity given above was used for

each in order to test whether or not a more dilute solution would have an appreciable

physiological effect. The controls were cultured in lake water.

The procedure was similar to that employed for observing the effect of goitro-

gens on oxygen consumption in planarians (Jenkins, 1961) with the following

exceptions : The Latin square method was used in order to provide maximum
randomization. Seven replicate experiments were performed. Each replicate

experiment employed seven groups of five planarians each
;

one group for each of

the two concentrations of the three chemicals vised, and one water control. On
the day that a replicate experiment was begun. 35 of the largest specimens in one

stock pan were selected and divided randomly into the seven unit groups.
For each replicate experiment, oxygen consumption determinations were made

as follows :

Day : Oxygen consumption was measured over a period of three hours with

all seven groups of animals in water. At the close of the day's readings, each group
was placed in an individual fingerbowl of water until the following day.

Day 1 : The Warburg flasks were prepared with the solutions of thyroid com-

pounds (or of culture water) to be used. The planarians were placed in the flasks

and manometer readings were made during the first 3 ]
/2 hours of exposure to the

chemicals. At the termination of the day's readings, each group was placed in a

fingerbowl containing the same concentration of thyroid compound as that in which

oxygen consumption was to be determined during the remainder of the experiment.

Further readings for periods of three hours were made on the second, fourth,

and sixth days. The w7 orms were placed in fresh thyroid compound solutions

every second day.

2 Acknowledgment and thanks are due to Oscar Lowrance, owner of Buckhorn Springs

property, for permission to collect the planarians.
3

Supplied through the courtesy of the Sigma Chemical Company, St. Louis, Missouri.
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RESULTS

*?

The oxygen consumption of each group of planarians was calculated according
to standard methods (Umbreit ct aL, 1949) and the results are given in Table I.

Little variation was shown among the groups in response to treatment on any one

day, the normally-occurring slight downward trend shown by the controls being

apparent in each of the experimental groups. The data show significantly that,

TABLE I

Effect of thyroid compounds on oxygen consumption of planarians

\^\
M51
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In some instances it appears that invertebrates are able to metabolize thyroid

compounds in much the same manner as the tissues of vertebrates do. The hepa-

topancreas of the mollusks, Mytilus galloproz'inciatis and Octopus vulgaris, has

been shown to degrade T :i by deiodination and oxidative deamination, followed

by oxidative decarboxylation (Covelli et aL, 1960). This is considered to be a

metabolic degradation of the hormone rather than a physiological activation. The
formation of thyroxine metabolites by Eschcrichia coll has also been reported
(Grasbeck ct a/., 1960) and explained on the basis that both E. coli and other

micro-organisms are able to oxidatively deaminate many ammo acids.

The question of extrathyroidal iodine metabolism is closely related to the

problem of invertebrate tissue responses to thyroid hormones. The discovery that

thyroxine could be recovered from iodinated casein (Ludwig and von Mutzen-

becher, 1939) was followed by early reports (Chapman, 1941
;

Morton ct a!., 1943)
that newly-formed thyroxine-like compounds could be demonstrated in the tissues

of thyroidectomized rats. The observation that the same limited series of iodine

compounds is formed when any of a large number of proteins is iodinated, whether

in the thyroid, in artificially iodinated proteins, or in the iodoproteins of inverte-

brates (Reineke, 1949) appeared to confirm this idea, but it has recently been

discredited (Taurog ct a!., 1960) on the basis that the concentrations of iodine

used in the early experiments were far above the physiological range.
The evidence to date strongly indicates that tissues of invertebrates are insensi-

tive to the action of thyroxine and its analogs. The negative results obtained in

the present experiment support this view. However, the continual recurrence of

reports which substantiate the opposite view to some extent, such as the augmenta-
tion of oxygen consumption in protistans, noted above, prevents the complete

acceptance of the view that invertebrate tissues are wholly insensitive to thyroid

compounds. Since most reports of a positive response of non-chordate tissues to

thyroxine and its analogs are limited to those experiments in which groups of like

cells are used, either as tissues from metazoans or as concentrated groups of one-

celled organisms, it is possible the elucidation of the cellular metabolism of thy-
roxine may bring to light principles which will aid in solving the question of regula-
tion of metabolic processes in thyroidless organisms. It seems reasonable to suppose
that the same fundamental pattern of metabolic regulation may be found throughout
the animal kingdom.

SUMMARYAND CONCLUSIONS

1. Using the Latin square method, a study was made of the effect of the thyroid

compounds diiodotyrosine, triiodothyronine, and thyroxine on respiration in pla-

narians. No statistically significant effect was found with any one of the three

chemicals under the conditions of the experiment.
2. The regulation of metabolic processes in invertebrates is discussed briefly.

The suggestion is made that the same fundamental pattern of metabolic regulation

may be found throughout the animal kingdom, despite the fact that no evidence

of this is demonstrated in the present paper.
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